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A 75-year-old woman was referred with extensive recurrence of
 fronto-naso-ethmoidal meningioma, more than 10 years after the
rimary resection. The tumor was completely excised via a coronal
ncision with reconstruction of the anterior cranial fossa by a large
ragment of fascia lata lined by abdominal subcutaneous fat.
The immediate postoperative course was uneventful. On the
fth postoperative day, the patient presented sudden deteriora-
ion of her level of consciousness with headaches and acute frontal
yndrome. Fig. 1 shows the patient’s physical appearance at this
tage.
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ttp://dx.doi.org/10.1016/j.anorl.2013.08.003Fig. 1. Intraoperative photography showing the subcutaneous air collection, that
suggests the compression of the brain, exposed to same amount of air trapped in
the  intracranial space.
2. Questions
Question 1: What is your diagnosis? How would you conﬁrm
this diagnosis?
Question 2: What are the pathophysiological mechanisms and
typical clinical signs?Question 3: What management should be proposed?
What is your diagnosis?
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Fig. 3. Computed tomography, bone window setting. The small oriﬁce is visible,
marked by the white arrowhead on the coronal section (A), the enlarged view (B) and
on  the axial section (enlarged view C). This defect communicated with the left poste-
rior  ethmoidal air cell, which explains penetration of air and the air trapping effect48 N. Vincent et al. / European Annals of Otorhinolar
. Answers
.1. Answer 1
This patient presented acute compressive pneumocephalus
esponsible for intracranial hypertension. The diagnosis was con-
rmed by emergency unenhanced brain computed tomography.
ig. 2 shows extension of the pneumocephalus into the frontal
egion responsible for a mass effect on the two frontal horns of
he lateral ventricles. The various sites of pneumocephalus are:
xtradural or subdural, intracerebral, or intraventricular.
.2. Answer 2
Acute postoperative pneumocephalus, described for the ﬁrst
ime in 1741 by Lecat, is related to two phenomena: rupture of
he anatomical barrier between physiological air spaces (nasal cav-
ties, paranasal sinuses, mastoid cells and middle ear) and the
ntracranial compartment and more or less extensive penetration
f air. The presence of air is fairly commonly observed after neu-
ological, otological and skull base surgery, calvarial fracture and
pidural hematoma, and can also be facilitated by nitrous oxide
nesthesia. Postoperative pneumocephalus is very common and
sually asymptomatic. Air is generally completely resorbed 2 to 3
eeks after the operation [1]. In contrast, acute compressive pneu-
ocephalus with intracranial hypertension is a life-threatening
ituation and constitutes a diagnostic and therapeutic emergency
2,3]. Clinical signs are dramatic: headache, sudden alteration
f consciousness, focal neurological signs. The pathophysiologi-
al mechanisms leading to pneumocephalus described above are
lso associated with an air trapping effect: air accumulates in the
ntracranial space with no possibility of return. The mechanisms of
esorption are slow and unable to compensate for the accumulated
olume of air. The defect is often small and various procedures can
e used for reconstruction of the dura mater or bone defect to pre-
ent return of air by an antireﬂux valve system, corresponding to
he “one-way ball valve mechanism” described by Mammis  et al.
4]. Intracranial pressure is normally higher than atmospheric pres-
ig. 2. Unenhanced brain computed tomography. Note the extent of the subcu-
aneous air collection (arrowhead) and the compressive frontal pneumocephalus
asterisk), demonstrated by posterior displacement of the brain parenchyma.due to the reconstruction material used, maintained in place by silastics (arrow),
and preventing the exit of the trapped air.
sure. Air enters the intracranial space according to 2 mechanisms,
the “ball valve” mechanism and the “inverted bottle” mecha-
nisms [5]: the ball valve mechanism requires a pressure difference
between the intracranial space and the atmosphere. Air enters
the intracranial space and is prevented from leaving this space
by a cerebral and meningeal reaction, which temporarily seals the
defect and paradoxically by the quality of the reconstruction mate-
rials, which promotes this antireﬂux system. In the inverted bottle
mechanism, air entry is related to a cerebrospinal ﬂuid (CSF) leak.
No CSF leak was observed in our case, suggesting that the most
likely mechanism was the ball valve mechanism. When there is
a large communication between CSF-containing spaces and the
atmosphere, the intracranial pressure is equal to atmospheric pres-
sure. As in a ball valve system, air enters the intracranial space in
the absence of a CSF leak, resulting in acute compressive pneumo-
cephalus. All factors leading to decreased intracranial pressure can
promote entry of air, for example the patient’s semi-seated position
during the surgical operation or nitrous oxide anesthesia, as nitrous
oxide induces intraoperative elevation of intracranial pressure and
withdrawal of nitrous oxide induces decreased intracerebral pres-
sure that can predispose to pneumocephalus.
3.3. Answer 3
After performing emergency brain computed tomography to
conﬁrm the diagnosis, intracranial air must be removed as rapidly
as possible either by needle aspiration or by shunt placement.
Lumbar puncture is formally contraindicated, as it can accentu-
ate the pneumocephalus by further lowering intracranial pressure.
It is essential to rapidly identify the zone of penetration and air
trapping and seal off the breach as effectively as possible. In this
patient, air entry was due to persistence of a patent left periorbital
posterior ethmoidal air cell communicating with the intracranial
space (Fig. 3). During reoperation, this air cell was  widely opened
to ensure its exclusion and perfect closure by means of a frag-
ment of muscle and abdominal fat via the same coronal incision. A
transnasal endoscopic approach was  not used in this case. However,
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irect access to the breach, when it has been clearly identiﬁed, is
ossible, especially for very small defects. In our case, we preferred
o verify all of the reconstruction.
The resection of tumors invading the skull base via endonasal
urgery is increasingly used by otorhinolaryngologists, and requires
erfect mastery of reconstruction procedures and management of
hese diseases by a multidisciplinary otorhinolaryngology and neu-
osurgery team to avoid rare but potentially fatal complications.
cute compressive pneumocephalus is a rare complication, but sur-
eons must be familiar with the pathophysiological mechanisms
nd treatment modalities.isclosure of interest
The authors declare that they have no conﬂicts of interest con-
erning this article.gy, Head and Neck diseases 131 (2014) 147–149 149
References
1] Stripf T, Bruehl K, Mann WJ,  et al. Clinical and radiologic sequelae of the middle
fossa approach to the internal auditory canal. Otol Neurotol 2004;25(5):787–90.
2] Ajalloveyan M,  Doust B, Atlas MD,  et al. Pneumocephalus
after acoustic neuroma surgery. Am J Otol 1998;19(6):
824–7.
3] Toung T, Donham RT, Lehner A, et al. Tension pneumocephalus after posterior
fossa craniotomy: report of four additional cases and review of postoperative
pneumocephalus. Neurosurgery 1983;12(2):164–8.
